How interaction of perfringolysin O with membranes is controlled by sterol structure, lipid structure, and physiological low pH: insights into the origin of perfringolysin O-lipid raft interaction.
Perfringolysin O (PFO) is a sterol-dependent, pore-forming cytolysin. To understand the molecular basis of PFO membrane interaction, we studied its dependence upon sterol and lipid structure and aqueous environment. PFO interacted with diverse sterols, although binding was affected by double bond location in the sterol rings, sterol side chain structure, and sterol polar group structure. Importantly, a sterol structure promoting formation of ordered membrane domains (lipid rafts) was not critical for interaction. PFO membrane interaction was also affected by phospholipid acyl chain structure, being inversely related to tight acyl chain packing with cholesterol. Experiments using the pre-pore Y181A mutant demonstrated that sterol binding strength and specificity was not affected by whether PFO forms a transmembrane beta-barrel. Combined, these observations are consistent with a model in which the strength and specificity of sterol interaction arises from both sterol interactions with domain 4 and sterol chemical activity within membranes. The lipid raft-binding portions of sterol bound to PFO may remain largely exposed to the lipid bilayer. These results place important constraints upon the origin of PFO raft affinity. Additional experiments demonstrated that the structure of membrane-inserted PFO at low and neutral pH was similar as judged by the effect of phospholipid and sterol structure upon PFO properties and membrane interaction. However, low pH enhanced PFO membrane binding, oligomerization, and pore formation. In lipid vesicles mimicking the exofacial (outer) membrane leaflet, PFO-membrane binding was maximal at pH 5.5-6. This is consistent with the hypothesis that PFO function involves acidic vacuoles.